1988AJ .  96 . 1482H 


THE  ASTRONOMICAL  JOURNAL  VOLUME  96,  NUMBER  4  OCTOBER  1988 

ANALYSIS  OF  ANCIENT  CHINESE  RECORDS  OF  OCCULTATIONS  BETWEEN  PLANETS  AND  STARS 

James  L.  Hilton  and  P.  K.  Seidelmann 
U.  S.  Naval  Observatory,  34th  Street  and  Massachusetts  Avenue  NW,  Washington,  DC  20392 

Liu  Ciyuan 

Shaanxi  Astronomical  Observatory,  Chinese  Academy  of  Sciences,  P.  O.  Box  18,  Lintong,  Shaanxi,  People’s  Republic  of  China 

Received  13  November  1987;  revised  9  July  1988 

ABSTRACT 

One  hundred  seventy-three  historical  Chinese  records  of  occultations  and  appulses  (conjunctions  with 
small  least  separations)  of  planets  with  stars,  other  planets,  and  extended  objects  were  examined.  The 
observations  were  made  by  the  Chinese  imperial  astronomers  from  12  December  146  B.C.  to  3  February 
1761  A.D.  and  preserved  in  the  Chinese  dynastic  histories.  Sixty-six  of  the  records  were  of  occultations, 

83  records  were  of  appulses,  and  24  records  were  questionable  as  to  the  objects  involved.  These  observa¬ 
tions  were  compared  to  both  ephemerides  derived  from  the  Bretagnon  ( 1982)  planetary  theory  and  the 
JPL  planetary  ephemeris  DE102.  Both  of  the  ephemerides  verified  that  all  of  the  well-recorded  events 
occurred,  and  usually  on  the  recorded  day.  This  constitutes  the  first  comparison  of  planetary  theories 
and  integration  with  ancient  Chinese  observations  giving  a  weak  check  of  the  theories  over  moderately 
long  periods  of  time.  The  results  of  this  check  show  no  evidence  within  the  accuracy  of  these  observa¬ 
tions,  inferred  to  be  about  300",  for  secular  discrepancies  in  the  present  theories  on  the  timescale  of  two 
thousand  years.  When  the  deceleration  of  the  Earth’s  rotation  was  taken  into  account,  it  was  also  found 
that  the  events  usually  took  place  at  the  time  of  night  recorded  by  the  Chinese  observers,  ~  1/10  of  the 
night.  This  constitutes  a  check  on  the  AT  determinations  independent  of  solar  eclipse  observations. 
Therefore,  these  records  reveal  that  to  the  accuracy  of  these  observations  there  are  no  serious  flaws  in 
the  presently  accepted  planetary  theories  or  determinations  of  the  rotational  deceleration  of  the  Earth 
(A7J.  Also,  this  study  gives  some  insight  into  how  the  Chinese  imperial  astronomers  charted  the 
motions  of  the  planets  in  the  heavens. 


I.  introduction 

Most  planetary  ephemerides  are  based  on  observations 
made  over  the  past  two  centuries,  the  time  during  which 
truly  excellent  records  have  been  kept.  However,  there  may 
be  long-period  perturbations  in  the  planetary  orbits  which 
this  relatively  short  period  of  observations  may  have  failed  to 
detect.  In  order  to  determine  if  these  long-period  perturba¬ 
tions  exist  it  is  necessary  to  turn  to  the  older  but  less-exact 
records  that  exist.  The  time  base  over  which  the  ephemerides 
are  tested  here  increases  by  an  order  of  magnitude,  but  is  still 
only  about  0.00005%  the  age  of  the  solar  system. 

Another  problem  of  interest  is  the  slowing  of  the  Earth’s 
rotation  rate  due,  primarily,  to  tidal  drag.  Current  estimates 
of  the  rate  of  slowing,  such  as  carried  out  by  Stephenson  and 
Morrison  ( 1984),  are  based  on  records  of  total  eclipses  of  the 
Sun  and  the  difference  between  where  the  path  of  totality 
was  observed  and  where  it  would  have  fallen  if  the  Earth 
rotated  uniformly  on  its  axis.  An  independent  check  of  this 
method  can  be  carried  out  by  comparing  the  recorded  time 
of  a  celestial  event  such  as  planetary  occultations  and  close 
approaches  (appulses)  with  the  time  predicted  by  an  ephe¬ 
meris  based  on  either  the  integration  of  planetary  orbits  or 
an  analytic  planetary  theory.  Obviously,  this  method  of  at¬ 
tack  first  requires  that  there  are  no  long-term  errors  in  the 
ephemerides.  Therefore,  it  is  necessary  to  address  both  the 
question  of  the  accuracy  of  the  planetary  ephemerides  and 
A  Tat  the  same  time. 

II.  OBSERVATIONS 

The  Chinese  have  kept  the  most  comprehensive  record  of 
celestial  events  of  any  culture  on  Earth.  These  records  date 
back  to  the  beginning  of  the  former  Han  dynasty,  206  B.C. 


They  are  presented  in  the  dynastic  histories,  a  compilation  of 
the  political,  administrative,  and  bureaucratic  events  of  each 
of  the  Chinese  dynasties.  The  astrological-political  nature  of 
celestial  events  required  the  observatory  to  be  located  on  the 
palace  grounds  so  as  to  have  immediate  access  to  the  em¬ 
peror  and  be  under  imperial  control.  Therefore,  in  addition 
to  having  a  very  complete  record  of  observed  celestial  events, 
the  place  of  observation  is  known  with  high  accuracy  (see 
Liu  1988). 

The  ancient  Chinese  histories  contain  several  records  of 
occultations  of  stars,  planets,  or  extended  objects  by  other 
planets.  Liu  (1988)  extracted  from  the  China  Book-House 
(1975)  edition  of  the  24  dynastic  histories  ( this  compilation 
of  the  Chinese  dynastic  histories  is  available  in  Chinese 
only)  records  of  173  occultations  and  appulses  (very  close 
approaches).  These  records  were  derived  from  observations 
made  by  the  Chinese  imperial  astronomers  at  the  various 
Chinese  capitals  over  the  period  from  12  December  146  B.C. 
to  3  February  1761  A.D.  The  records  are  divided  into  three 
categories  (see  Tables  I,  II,  and  III) :  ( 1 )  A  set  of  66  occulta¬ 
tions,  from  12  February  73  A.D.  to  3  February  1761,  identi¬ 
fying  the  two  objects  involved,  the  recorded  date  of  the  oc- 
cultation,  the  Chinese  capital  at  which  the  observation  was 
made,  and,  generally,  the  recorded  time  interval  in  which  the 
occultation  occurred;  (2)  a  set  of  24  questionable  records 
(in  this  dataset,  either  the  identification  of  the  occulted  ob¬ 
ject  was  in  doubt,  or  the  occulting  planet  has  been  misidenti- 
fied.  These  records  range  in  date  from  17  July  403  A.D.  to  16 
August  1217);  and  (3)  a  dataset  of  83  records  of  events 
where  a  planet  was  observed  to  have  passed  within  approxi¬ 
mately  one  degree  of  another  object.  (This  set  of  records 
consists  of  observations  made  between  12  December  146 
B.C.  and  21  June  988  A.D.)  The  last  dataset  includes  both 
the  separation  distance  in  tenths  of  a  Chinese  degree  and  the 
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direction  from  the  object  to  the  planet  at  the  time  of  observa¬ 
tion  for  48  of  the  83  observations. 

A  Chinese  degree  is  approximately  3550".  There  are 
365.25  “degrees”  in  a  Chinese  circle,  i.e.,  one  Chinese  “de¬ 
gree”  was  the  mean  distance  the  Sun  moved  along  the  eclip¬ 
tic  in  one  solar  day.  However,  the  definition  of  a  “degree” 
was  not  constant  with  time,  and  angular  measure  was  not 
always  differentiated  from  linear  measure  (see,  for  example, 
Needham  1959).  Therefore,  there  is  some  trouble  in  trans¬ 
lating  the  exact  angular  quantities  involved. 

A  few  words  need  to  be  said  about  the  dynastic  histories, 
the  source  of  the  records  used  in  this  investigation. 

First,  the  histories  are  not  the  original  source  of  observa¬ 
tions,  but  were  generally  compiled  by  imperially  sanctioned 
Chinese  historians  during  a  subsequent  dynasty.  The  histor¬ 
ians  worked  with  the  imperial  records  left  by  the  previous 
dynasty.  For  example,  the  history  of  the  later  Han  dynasty 
(23-220  A.D.),  the  “Hou-han-shu”  by  Fan  Yeh,  was  writ¬ 
ten  during  the  San-kuo  or  Chin  periods  (220-420).  This 
means  that  the  records  that  have  survived  are  only  those  that 
were  available  to  the  historians  of  a  later  dynasty.  So,  the 
astronomical  records  themselves  are  only  summaries  of  the 
original  observations,  and  a  considerable  amount  of  detail 
has  been  lost. 

Second,  Clark  and  Stephenson  ( 1977)  point  out  that  the 
main  function  of  the  “Astronomical  Bureau”  was  producing 
astrological  prognostications,  and  its  officials  were  held  di¬ 
rectly  responsible  for  the  completeness  of  observations  as 
well  as  their  predictions.  Therefore,  falsified  records  are  a 
possibility.  Eberhard  ( 1957)  argues  that  for  a  major  politi¬ 
cal  event  that  had  not  been  astrologically  prognosticated,  an 
observation  prophesying  the  event  might  be  inserted  into  the 
History  of  the  Han  Dynasty  after  the  fact.  However,  Bielen- 
stein  (1950, 1984)  is  of  the  opinion  that  rather  than  inserting 
false  observations  into  the  record,  the  imperial  astrologers 
were  more  likely  to  ignore  ominous  portents  in  politically 
good  times.  For  example,  Bielenstein  points  out  that  with 
one  exception  the  number  of  solar  eclipses  recorded  during 
any  Han  emperor’s  reign  was  either  less  than  or  equal  to  the 
number  of  solar  eclipses  that  should  have  been  observed,  and 
the  proportion  of  eclipses  recorded  was  inversely  propor¬ 
tional  to  the  emperor’s  perceived  popularity  in  the  dynastic 
histories.  Sivin  ( 1 969 )  shows  that  spurious  lunar  eclipse  rec¬ 
ords  during  this  period  may  have  been  the  result  of  inaccura¬ 
cies  in  the  algorithm  used  to  predict  lunar  eclipses. 

Third,  there  is  the  possibility  of  transcription  errors  in  the 
records.  For  example.  Ho  Peng  Yoke  ( 1962)  found  the  1572 
supernova  described  as  a  “hui-hsing”  (broom  star  or  comet) 
in  the  draft  version  of  the  “Ming-shih,”  the  Ming  dynasty 
history,  but  as  a  “k’o-hsing”  (guest  star)  in  the  final  edition. 

Fourth,  there  are  problems  in  interpreting  the  records. 
For  example,  the  following  is  the  translation  by  Stephenson 
and  Clark  (1978)  of  the  12February  73  A.D.  (JD  1747764) 
occultation  of  p  Sco  by  Jupiter: 

“Sixteenth  year  (of  the  Yung-p’ing  reign  period),  first 
month,  (day)  ting-ch’ou.  Jupiter  trespassed  against  Fang 
Yu-ts’an;  the  first  star  at  the  north  was  not  visible.  (On  the 
day)  hsin-szfl  it  finally  became  visible.” 

The  translation  indicates  the  use  of  the  Chinese  character 
“fan”  (“invade,”  “offend,”  or  “trespass  against”),  which 
has  been  used  to  describe  appulses  as  opposed  to  occultations 
in  which  one  of  the  words  “yen”  (conceal),  “shih” 
(eclipse),  or  “ju”  (enter)  was  generally  used.  However,  the 
record  goes  on  to  describe  the  star  as  being  “not  visible,” 


which  would  suggest  that  the  two  bodies  were  close  enough 
together  to  be  inseparable  by  the  naked  eye.  Another  charac¬ 
ter  used  in  the  records  is  “shou,”  “guarding,”  which  has 
been  translated  by  Ho  Peng  Yoke  (1966)  as  meaning  “to 
attach  and  stay  by  the  side  of  (a  constellation  or  celestial 
body),”  or  “to  stay  (in  a  particular  place)  without  leaving,” 
describing  a  planet  moving  slowly  across  the  sky.  Clark  and 
Stephenson  ( 1977)  add  another  possible  translation  of  shou: 
“moving  backwards  and  forwards  without  going  away.” 
This  last  translation  could  be  used  to  describe  not  just  the 
position  of  the  planet  with  respect  to  a  star  or  asterism,  but 
retrograde  motion  of  the  planet  as  well. 

Finally,  there  are  two  major  sources  of  observational  error 
that  must  be  considered:  the  effects  of  weather  on  seeing  and 
irradiation  within  the  eye  of  the  observer.  Both  of  these  ef¬ 
fects  make  an  observed  object  appear  larger  than  it  actually 
is.  The  turbulent  air  and  thin  clouds  which  cause  poor  seeing 
would  not  have  been  noticed  in  naked-eye  observations.  In 
addition,  the  effects  of  poor  seeing  when  noted  by  the  Chi¬ 
nese  astronomers  were  not  always  separated  out  from  the 
planetary  observation,  but  were  sometimes  used  as  part  of 
the  prognostication  process  (Staal  1984).  So  it  is  not  clear 
whether  or  not  poor  weather  conditions  were  taken  into  ac¬ 
count  when  occultation  observations  were  made. 

Irradiation  is  a  physiological  effect  that  is  dependent  on 
the  observer.  An  example  of  this  effect  can  be  found  in  the 
Ho  Peng  Yoke  (1966)  translation  of  “Wu-pei-chi”  (Trea¬ 
tise  on  Armament  Technology),  dated  1628,  “When  (a  ce¬ 
lestial  body)  comes  within  7  ts’un  of  (another)  such  that 
their  rays  extend  toward  each  other  ...”  One  ts’un  corre¬ 
sponds  to  about  6'.  So  7  ts’un  is  about  42',  a  very  large  separa¬ 
tion.  Therefore,  it  is  possible  that  poor  seeing  and/or  irradia¬ 
tion  may  have  caused  an  observer  to  record  an  occultation 
when  the  objects  were  actually  several  minutes  apart.  The 
discussion  of  the  results  of  the  analysis  of  the  records  in  Sec. 
IV  indicates  that  the  mean  effect  of  these  two  sources  of 
observational  error  is  about  300". 

III.  METHOD  OF  ANALYSIS 

a)  Well-Determined  Occultations  and  Appulse  Records 

The  first  step  in  the  analysis  of  these  observations  was  to 
develop  a  program,  on  the  U.  S.  Naval  Observatory  IBM 
4341  computer,  to  generate  an  ephemeris  of  the  relative  ap¬ 
parent  position  of  the  occulting  planet  with  respect  to  the 
occulted  object.  The  position  of  the  planet  or  planets  in¬ 
volved  in  the  occultation  was  determined  by  use  of  the 
VSOP82  planetary  theory  developed  by  Bretagnon  ( 1982). 
If  the  occulted  object  was  a  star  or  extended  object,  the  pro¬ 
gram  computed  the  apparent  place  of  the  object  on  the  date 
of  the  observation  using  the  subroutine  apstar  (Kaplan 
1984).  The  apparent  position  for  the  extended  objects,  M44 
and  the  Pleiades,  were  taken  as  the  apparent  place  of  a  mem¬ 
ber  star  near  the  center  of  the  extended  object.  The  variable 
parameters  in  the  program  were  ( 1 )  the  initial  Julian  date 
for  which  the  ephemerides  were  generated,  (2)  the  interval 
of  the  ephemerides,  ( 3 )  the  number  of  entries  in  the  ephe¬ 
merides,  (4)  the  occulting  planet,  and  (5)  the  object  being 
occulted.  No  AT  correction  was  applied  to  these  ephemer¬ 
ides. 

The  source  of  the  J2000.0  positions,  parallaxes,  and  radial 
velocities  of  the  stars  used  by  apstar  was  Hoffleit  and  Jas- 
chek  (1982).  The  proper  motions  of  the  stars  were  taken 
from  Rhoades  ( 1976). 
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The  time  of  least  separation  was  calculated  by  manually 
searching  through  the  ephemeris  until  the  least  separation 
was  found  on  the  timescale  of  0.01  day  for  occulted  planets 
or  stars  and  0. 1  day  for  extended  objects.  The  ephemerides 
for  least  separation  and  time  of  least  separation  from  the 
Bretagnon  (1982)  theory  was  then  checked  by  using  posi¬ 
tions  obtained  from  the  DEI 02  ephemeris  developed  by 
Newhall,  Standish,  and  Williams  ( 1983).  Since  DE102  has  a 
coordinate  system  closely  aligned  with  that  of  1950.0,  the 
1950.0  coordinates  for  the  occulted  stars  were  obtained  from 
Rhoades  (1976).  The  mean  discrepancy  between  the  DE 1 02 
relative  positions  and  the  Bretagnon  (1982)  relative  posi¬ 
tions  of  the  occulting  planet  and  the  occulted  object  was 
about  2"  in  separation  and  less  than  0.01  day  in  time. 

The  next  step  was  to  try  to  match  the  calculated  times  of 
least  separation  with  the  recorded  times  of  observation. 
Checks  were  made  to  determine  whether  it  was  daytime  or 
nighttime  at  the  place  of  observation  and  whether  the  re¬ 
corded  objects  were  above  the  horizon  both  at  the  time  of 
least  separation  and  the  time  recorded  for  the  event.  To  do 
this,  it  was  necessary  to  correct  the  ephemeris-derived  times 
to  UT.  The  A  T correction  for  slowing  of  the  Earth’s  rotation 
was  calculated  from  the  algorithm  given  by  Stephenson  and 
Morrison  ( 1984) .  Although  his  method  of  deriving  the  algo¬ 
rithm  for  AT  is  different,  the  values  determined  by  Newton 
( 1984)  are  indistinguishable  at  the  0.01  day  level  of  accura¬ 
cy  over  the  period  covered  by  the  records.  A  standard  rise/ 
set  program  was  then  used  to  test  whether  the  Sun  or  occult¬ 
ing  planet  was  above  the  horizon  at  the  time  of  least  separa¬ 
tion.  If  the  Sun  was  above  the  horizon  and  time  of  sunrise/ 
sunset,  the  separation  at  that  time  was  computed  and  com¬ 
pared  with  the  recorded  data.  Similarly,  if  the  objects  in¬ 
volved  in  the  occultation  or  appulse  were  below  the  horizon 
at  the  time  of  least  separation,  then  the  rise  time  and  separa¬ 
tion  at  the  rise  time  were  computed  and  compared  with  the 
recorded  data. 

b)  Poorly  Determined  Records 

In  order  to  determine  whether  the  planet  reported  in  an 
occultation  was  in  the  right  part  of  the  sky  for  a  given  obser¬ 
vation,  a  short  program  was  developed  to  give  the  positions 
of  all  the  planets  visible  with  the  naked  eye  on  a  given  Julian 
date.  If  the  reported  planet  was  not  in  the  proper  area,  it  was 
then  determined  if  there  were  any  other  candidates  among 
the  other  visible  planets. 

Having  then  determined  if  there  was  a  planet  in  the  right 
part  of  the  sky,  the  first  program  described  was  used  to  deter¬ 
mine  ( 1 )  the  date  of  the  occultation,  if  it  was  uncertain,  and/ 
or  (2)  the  objects  reported  occulting  each  other  from  the 
possible  planetary  candidates  and  a  short  list  of  possible  oc¬ 
culted  objects  determined  from  the  records. 

IV.  RESULTS 

a)  Well-Observed  Occultations 

Of  the  original  66  records  of  well-determined  occultations 
shown  in  Table  I,  only  seven  actual  occultations  occurred. 
All  of  these  occurred  when  a  planet  passed  in  front  of  either 
M44  or  the  Pleiades,  both  of  which  are  extended  objects.  Of 
the  remaining  59  observations,  1 1  events  occurred  in  which 
the  two  objects  passed  so  close  to  one  another  that  they 
would  definitely  have  been  inseparable  by  the  unaided  eye. 

According  to  Needham,  the  smallest  Chinese  angular  unit 
of  measurement  actually  used  corresponds  to  about  4'.  How¬ 


ever,  the  historical  Chinese  units  of  measure  are  not  precise 
and  may  have  changed  significantly  over  the  period  of  obser¬ 
vations.  It  is  possible  that  the  translation  of  the  “occulta¬ 
tion”  observations  actually  meant  that  the  separation 
between  the  planet  and  the  second  object  was  less  than  this 
smallest  angular  distance.  If  so,  an  additional  1 9  events  meet 
this  criterion.  This  leaves  only  30  “occultations”  to  be  ex¬ 
plained.  Of  these  remaining  “occultations,”  the  range  of  sep¬ 
aration  at  closest  approach  is  about  5'  to  7  T.  The  mean  least 
separation  for  a  close  approach  was  9'A. 

Of  the  66  observations,  34  had  their  closest  approach  ac¬ 
cording  to  the  ephemerides  during  the  daytime.  These  day¬ 
time  close  approaches  included  13  of  the  21  approaches  with 
greater  than  15'  least  separation.  The  daytime  close  ap¬ 
proaches  also  included  six  of  the  seven  actual  occultations 
with  extended  objects,  but  these  objects  have  large  enough 
angular  sizes  so  that  they  were  still  occulted  during  the 
nighttime  hours.  Of  the  nine  approaches  too  close  to  sepa¬ 
rate  by  eye,  five  occurred  during  the  daytime.  Of  these,  five 
“occultations”  still  had  a  separation  of  less  than  T  after 
nightfall  and  three  others  had  a  separation  of  4'  or  less  after 
sunset.  Of  the  19  small  least-separation  “occultations,”  nine 
occurred  during  the  daytime  and  three  of  them  still  had  less 
than  4'  separations  during  the  night.  Looking  at  the  night¬ 
time  close  approaches,  it  was  found  that  only  eight  of  the  32 
observations  had  separations  of  greater  than  15',  but  six  of 
these  large-separation  “occultations”  had  their  closest  ap¬ 
proach  occur  while  the  planet  and  the  “occulted”  object 
were  below  the  horizon.  In  summary,  of  the  66  observations, 
seven  would  have  been  seen  as  actual  occultations,  five 
would  have  been  seen  too  close  together  to  separate  by  eye, 
14  had  visual  approaches  of  <4',  ten  seen  as  approaches 
between  10'  and  15',  two  seen  as  approaches  >  15',  and  28 
would  have  been  seen  as  “occultations”  that  had  occurred 
during  the  daytime.  Finally,  it  was  determined  that  all  of  the 
times  of  observation  for  events  that  happened  during  the 
daytime  or  while  the  “occulting”  planet  was  below  the  hori¬ 
zon  were  recorded  at  the  time  closest  to  the  event  after  the 
sun  set  or  the  occulting  planet  rose  above  the  horizon. 

The  32  “occultations”  that  definitely  took  place  during 
the  nighttime  were  selected  to  test  the  change  in  the  slowing 
of  the  Earth’s  rotation  rate  determined  by  Stephenson  and 
Morrison  ( 1984). The  AT  for  each  record  is  given  in  Table  I. 
This  was  done  by  comparing  the  time  of  night  for  which  the 
close  approaches  were  recorded  in  the  Chinese  records  with 
the  time  determined  by  the  planetary  theory.  The  planetary 
theory  values  were  then  corrected  for  slowing  of  the  Earth’s 
rotation  with  time  using  the  method  developed  by  Stephen¬ 
son  and  Morrison  ( 1984).  Of  the  32  observations,  26  of  the 
recorded  observations  agreed  with  the  calculations  as  to  the 
time  of  night  that  the  event  occurred,  and  five  observations 
in  which  the  time  of  closest  approach  occurred  while  the 
planet  and  the  “occulted”  object  were  below  the  horizon. 
The  final  observation  has  a  discrepancy  in  the  observed  mi¬ 
nus  calculated  time  of  greater  than  8  hr,  so  it  cannot  be  ade¬ 
quately  accounted  for  except  by  an  observer  error  or  an  error 
in  the  transcription  or  interpretation  of  the  record.  There¬ 
fore,  except  for  the  one  questionable  record,  the  time  of  the 
observations  agrees  with  the  time  of  the  calculated  closest 
approach  when  the  change  in  time  as  determined  by  Ste¬ 
phenson  and  Morrison  ( 1984)  is  included.  As  noted  before, 
at  the  0.01  day  level  of  accuracy  it  was  not  possible  to  differ¬ 
entiate  between  the  algorithms  of  Stephenson  and  Morrison 
( 1984)  and  Newton  ( 1984).  Since  the  time  of  the  night  of 
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the  ephemerides  corrected  for  AT  agrees  with  the  recorded 
observations  for  the  nighttime  “occultations,”  this  also  pro¬ 
vides  a  positive  check  on  whether  the  closest  approach  oc¬ 
curred  during  the  daytime  or  nighttime. 

Many  of  the  recorded  “occultations”  had  their  closest  ap¬ 
proaches  during  the  daytime,  when  they  could  not  have  been 
seen.  Some  of  the  events,  such  as  record  number  1,  would 
have  appeared  as  if  they  were  occultations  because  of  the 
small  least-visible  separation  during  the  night,  the  effects  of 
irradiation,  and  the  changing  background  brightness  of  the 
morning  or  evening  twilight  sky.  Other  observations  may  be 
the  result  of  a  transcriber  recording  an  appulse  as  an  occulta- 
tion. 

A  third  possible  explanation  can  be  inferred  from  Need¬ 
ham  ( 1959).  Needham  documents  a  case  in  which  an  impe¬ 
rial  astronomer  discovered  that  his  stafFhad  been  submitting 
ephemerides  rather  than  actual  observations  of  events.  Table 
III  shows  that  records  were  kept  of  both  the  distance  and 
direction  of  the  planet  from  the  background  object.  It  is 
therefore  possible  that  the  records  of  daytime  “occultations” 
are  based  on  the  apparent  motion  of  the  planet  from  one 
observation  to  the  next  describing  a  path  that  would  appear 
to  cause  an  occultation  of  the  background  object  by  the  plan¬ 
et.  This  may  explain  the  occurrence  of  many  of  the  “occulta¬ 
tions,”  such  as  record  number  5  in  Table  I,  where  the  least 
separation  visible  is  about  1 5'  but  the  motion  of  the  planet 
takes  it  from  the  northwest  to  the  southeast  with  respect  to 
the  background  object  during  the  daytime.  This  scenario  can 
also  be  used  to  explain  the  six  nighttime  observations  in 
which  the  planet  and  background  object  would  have  been 
below  the  horizon  at  the  time  of  least  separation. 

It  is  expected  that  the  indirect  observations  would  have 
greater  mean  least  separations.  The  increase  in  mean  least 
separation  is  a  result  of  the  difficulties  in  making  measure¬ 
ments  of  naked-eye  observations.  For  the  nighttime  “occul¬ 
tations”  where  the  objects  were  above  the  horizon,  the  mean 
least  separation  is  310".  This  least  separation  is  best  ex¬ 
plained  to  be  a  result  of  the  combined  effects  of  atmospheric 
seeing  and  irradiation  from  the  bright  planetary  objects.  For 
the  daytime  “occultations,”  the  mean  least  separation  is 
742".  For  eight  of  the  daytime  least  separations,  the  least 
visible  separation,  that  is,  the  least  separation  after  sunset, 
would  have  been  318"  or  less,  so  these  records  should  be 
taken  as  observed  occultations.  If  these  are  removed  from 
the  daytime  least  separations,  the  mean  least  separation  for 
daytime  approaches  becomes  970",  and  for  the  nighttime 
“occultations”  where  the  object  was  below  the  horizon,  the 
mean  least  separation  was  1479".  Therefore,  it  is  likely  that 
some  Chinese  astronomers  would  record  inferred  events  as 
having  occurred. 

All  of  the  records  considered  in  this  section  agree  with 
ephemerides  that  a  close  approach  occurred  between  the  two 
objects  in  a  given  observation.  The  nighttime  “occultations” 
have  a  mean  separationof  300"  when  the  objects  were  above 
the  horizon.  This  error  is  most  easily  explained  by  the  effects 
of  weather  and  irradiation.  So,  there  is  no  evidence  of  any 
systematic  problems  with  current  planetary  theories  such  as 
DE102  and  Bretagnon  (1982).  However,  the  rather  large 
observational  error  of  300"  is  inferred  from  the  mean  least 
separation.  This  means  that  the  records  only  weakly  con¬ 
strain  the  planetary  ephemerides.  The  weakness  of  the  con¬ 
straint  is  easily  seen  by  considering  that  a  300"  observational 
error  over  2000  yr  is  the  equivalent  of  a  secular  error  of  3 "  in 
the  planetary  positions  over  20  yr.  This  error  is  orders  of 


magnitude  larger  than  current  observations  of  the  planets 
would  suggest  possible. 

Two  other  patterns  appeared  in  the  analysis  of  this  group 
of  well-determined  “occultations.”  First,  there  were  eight 
observations  of  approaches  between  Jupiter  and  the  star  P 
Scorpii.  In  each  instance,  the  observation  was  made  at  a  time 
when  Jupiter  was  in  retrograde  motion  in  the  region  of  P 
Scorpii,  resulting  in  a  “triple”  conjunction.  This  event  oc¬ 
curs  at  about  96  yr  intervals.  The  recorded  observation  also 
corresponds  to  the  closest,  within  the  observational  error,  of 
the  three  conjunctions  between  Jupiter  and  the  star.  This 
suggests  that  the  observers  were  using  the  occulted  objects  as 
markers  for  the  motion  of  the  planets  in  the  sky. 

Second,  the  large  majority  of  the  records  not  involving 
two  planets  were  clustered  near  the  northern  and  the  south¬ 
ern  limits  of  the  ecliptic.  This  suggests  that  the  observations 
were  used,  at  least  in  part,  to  map  the  northern  and  southern 
limits  of  the  positions  of  the  planets  in  the  sky.  However,  the 
distribution  of  observations  may  be  the  result  of  selection 
effects  in  the  records  because  the  northern  and  southern  ex¬ 
tremes  of  the  ecliptic  are  also  where  it  cuts  across  the  disk  of 
the  galaxy. 

b)  Poorly  Determined  Records 

From  the  ambiguous  records  shown  in  Table  II,  four  use¬ 
ful  observations  were  discovered. 

First,  on  16  August  435,  JD  1880170.4,  Mars  passed 
through  M44  and  then  70  days  later  passed  within  32"  of  the 
star  a  Leo.  This  was  recorded  as  a  single,  undifferentiated 
event  mentioning  both  of  the  occulted  objects.  This  interpre¬ 
tation  would  tend  to  support  the  idea  proposed  above  that 
the  stars  and  extended  objects  were  being  used  as  points  to 
trace  the  paths  of  the  planets  in  the  sky. 

The  second  useful  event  to  be  found  in  the  poor  observa¬ 
tions  is  a  close  pass  of  5(5  between  Mars  and  the  starp  Capri- 
corni  on  JD  1890945.5  (6  February  465).  This  event  con¬ 
firms  another  planet-star  close  approach  that  was  both 
recorded  and  predicted  from  a  planetary  ephemeris. 

Third,  in  an  event  similar  to  the  Jupiter-;0  Scorpii  obser¬ 
vations  described  above,  in  537  Jupiter  moved  in  retrograde 
motion  in  the  vicinity  of  ir  Sagittarii.  The  planet  had  two 
close  approaches  of  82!23  and  87184  from  the  star,  about  70 
days  apart.  These  two  events  appear  to  have  been  recorded  as 
a  single  event  at  a  date  midway  in  between  the  two  close 
approaches. 

Fourth,  there  is  a  record  of  a  very  close  pass  between  Ve¬ 
nus  and  Saturn  in  the  year  573.  According  to  the  ephemer¬ 
ides,  this  event  occurred  on  JD  1930709.44  (29  December 
573).  The  least  separation  between  the  planets  was  about 
67". 

Like  the  observations  in  the  well-determined  occultation 
dataset,  the  observations  tend  to  show  evidence  that  the  stars 
were  being  used  as  “signposts”  in  determining  the  planets’ 
motions  across  the  sky.  Also,  the  observations  tend  to  cluster 
around  those  stars  at  the  northern  and  southern  limits  of  the 
ecliptic,  possibly  testing  the  northern  and  southern  limits  of 
the  positions  of  the  planets  in  the  sky. 

c)  Close  Approaches 

The  83  observations  of  the  close  approaches  are  shown  in 
Table  III.  The  recorded  separations  vary  between  200"  and 
3200"  and  have  a  recorded  accuracy,  inferred  from  the  re¬ 
cords,  of  about  180",  or  0.05  Chinese  degrees.  Like  the  ob- 
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Table  II.  Analysis  of  records  from  the  Chinese  dynastic  histories  in  which  the  recorded  events  were  characterized  as  occultations,  but  the  objects  involved  in 
the  events  are  uncertain. 


No. 

Date 

Planet 

Object 

Notes 

1 

1868451 

7/17/403 

Jupiter 

(JSgr 

Moon,  Jupiter  was  >  6  hr 
away. 

2 

1869333 

12/15/405 

Venus 

0)  Sco 

“Fan”?,  Venus  1 54'  to  the 
north  at  conjunction. 

3 

1880169 

8/16/435 

Mars 

M44oriTLeo 

On  JD  1880170.2  Mars  was 
in  M44,  28!01  from  the 
center,  on  JD  1880240.04 

Mars  was  3K5  from  a  Leo. 

4 

1890944 

2/14/465 

Mars 

o  Cap,  p  Cap,  IT  Cap 

On  JD  1890945.50  Venus 
was  5!50  from  o  Cap. 

5 

1917312 

4/25/537 

Jupiter 

trSgr 

“Fan”?  Jupiter  moved  in 
retrograde  motion  in  this 
area  of  the  sky  and  there 
were  two  close  approaches 
between  Jupiter  and  this 
star.  On  JD  1917269.0 
the  separation  was  82123 
andon  JD  1917338.7  the 
separation  was  87!84. 

The  given  date  is 
approximately  halfway 
between  the  two  close 
approaches. 

6 

~ 1930527 

573 

Venus 

Saturn 

Between  n  Sco  and  r  Sgr 
on  JD  1930709.44,  Venus 
was  67"from  Saturn. 

7 

1933281 

1/13/581 

Venus 

Mercury 

Conjunction  with  >  4® 
separation  on  JD  1933281. 

8 

-2018367 

-12/27/813 

Mars 

eVir 

On  JD  2018353.0 
separation  between  Mars 
and  e  Vir  was  68!65. 

9 

2074809 

Mars 

a  Sco 

Moon,  Mars  >  6  hr  away. 

10 

2085467 

Mars 

A  Sgr 

Moon,  Mars  >  10  hr  away. 

11 

2086450 

5/22/1000 

Venus 

Mercury 

On  JD  2086447.28  the 
separation  between  Venus 
and  Mercury  was  23;80. 

12 

2087117 

Venus 

? 

13 

2087119 

Venus 

P  Tau 

Venus  >  9  hr  away. 

14 

2088306 

Venus 

(tSco 

15 

2091323 

Venus 

a  Tau 

Moon 

16 

2091900 

4/24/1015 

Mars 

eGem 

Mars  was  52'.1  N  of  star 
on  JD  2091655.6  or 

8/23/1014. 

17 

2092676 

6/8/1017 

Mars 

y  Vir  or  a  Leo 

On  JD  2092674.52  Mars 
was  45!27  from  a  Leo. 

18 

2093824 

Venus 

rrSco 

Moon 

19 

2093867 

Venus 

P  Tau 

Moon 

20 

2094237 

Mars 

rSgr 

Moon 

21 

2108370 

5/27/1060 

Mars 

M44 

On  JD  2108361.6  Mars  was 
in  M44  1 10"  from  the 
center. 
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Table  II.  (continued) 


No. 

Date 

Planet 

Object 

Notes 

22 

2147106 

6/16/1166 

Saturn 

(uSgr 

The  planets  Mars,  Jupiter, 
and  Saturn  and  the  Moon 
were  all  within  5®  of  co 

Sgr  at  this  time.  The 

Moon  should  have 
occulted  the  star  at  about 

JD  2147106.0  and  Mars  at 
about  JD  2147107.5  but 
missed  Jupiter  and  Saturn 
by  about  T  to  T. 

23 

2149378 

9/4/1172 

Mars 

36  Gem 

Mars  passed  88'68  north 
of  36  Gem  on  JD  214.9379.1. 

24 

2149378 

8/16/1217 

Mars 

Jupiter 

Mars  passed  32'46  south 
of  Jupiter  on  JD  2165796.00. 

servations  recorded  as  occultations,  many  of  the  times  of 
least  separation  occurred  either  during  the  daytime  or  while 
the  objects  were  below  the  horizon.  The  separation  recorded 
at  the  time  when  the  planet  was  visible  agrees,  generally, 
with  the  separation  that  is  calculated  for  that  time.  The  mean 
absolute  difference  between  the  predicted  least  visible  sepa¬ 
ration  and  the  recorded  separation  at  the  recorded  time  is 
473".  While  this  separation  is  a  factor  of  1.5  greater  than  the 
spread  for  the  occultation  observations,  this  may  be  the  re¬ 
sult  of  the  additional  difficulty  in  translating  the  Chinese 
angular  measurements  rather  than  a  decrease  in  the  accura¬ 
cy  of  the  observations  over  the  occultation  observations. 

The  first  close-approach  record  is  different  from  the  other 
observations.  Rather  than  being  the  record  of  a  single  close 
approach,  it  is  a  record  of  a  double  conjunction  between 
Mercury  and  Venus.  The  recorded  date  is  approximately 
midway  between  the  two  approaches.  Both  of  the  conjunc¬ 
tions  have  been  recorded  as  numbers  1  and  la  in  Table  III. 

For  four  of  the  observations,  the  date  of  least  separation  is 
later  than  the  date  recorded,  but  the  separation  on  the  re¬ 
corded  date  agrees  with  the  calculated  separation  for  that 
date.  This  indicates  that  it  was  likely  that  there  was  bad 
weather  on  the  date  of  least  separation  and  the  observer  then 
recorded  what  he  saw  on  a  previous  night. 

For  the  48  observations  with  directions  given,  38  agree 
with  the  direction  computed.  Of  the  ten  observations  that 
disagree  with  the  calculated  direction,  five  are  offby  approx¬ 
imately  1 80°  and  probably  represent  a  mistake  in  head  and 
tail  ends  of  the  direction  vector.  The  head-tail  ambiguity  is 
definitely  the  case  for  observation  number  2,  where  both  the 
objects  involved  are  planets. 

Although  the  observations  of  the  close  approaches  were 
recorded  between  146  B.C.  and  988  A.D.,  observations  4-42 
come  from  the  7  yr  span  487-494  (JD  1899195-1901686) 
and  hence  probably  represent  the  work  of  a  particular  impe¬ 
rial  astronomer.  Similarly,  observations  63-70  cover  767- 
771  and  observations  72-81  cover  the  lOyr  period  821-830. 
Therefore,  it  is  possible  that  many  of  the  records  of  close 
approaches  were  recorded  by  observers  who  were  more  care¬ 
ful  than  the  observers  who  reported  the  daytime  “occulta¬ 
tions.”  An  alternate  explanation,  suggested  by  Bielenstein 
( 1950,  1984),  is  that  the  clustering  of  the  appulses  may  be 
the  result  of  the  political  conditions  in  the  Chinese  court 
because  of  the  astrological  uses  of  the  records.  The  second 
explanation,  however,  also  depends  on  the  relative  impor¬ 


tance  of  appulses  to  eclipses  in  Chinese  astrological  tradi¬ 
tion. 

Therefore,  there  is  no  evidence  in  the  records  of  close  ap¬ 
proaches  that  there  are  any  problems  with  the  current  meth¬ 
ods  of  integrating  planetary  orbits  or  developing  planetary 
theories.  However,  with  an  approximate  observational  accu¬ 
racy  of 300" ,  this  is  a  weak  constraint.  In  addition,  there  is  no 
evidence  of  problems  with  the  A  T  determination  of  Stephen¬ 
son  and  Morrison  (1984). 

An  additional  test  for  systematic  errors  in  AT"  and  the 
mean  longitude  of  the  planets  was  made  by  plotting  the  dif¬ 
ference  between  the  reported  time  for  a  given  separation 
between  two  objects  and  the  calculated  time  for  that  separa¬ 
tion.  If  an  error  in  the  mean  longitude  of  a  planet  existed,  it 
would  show  up  as  a  systematic  trend  in  time  differences 
between  the  observed  and  calculated  times  of  separation  for 
that  planet.  If  there  was  an  error  in  the  parametrization  of 
AT",  it  would  show  up  as  a  systematic  trend  in  the  differences 
between  the  observed  and  calculated  times  of  separation  for 
all  the  planets.  Figure  1(a)  shows  this  plot  for  Venus.  The 
circles  represent  recorded  occultations  by  Venus  for  which 
the  closest  approach  was  calculated  to  have  occurred  during 
the  daytime,  the  triangles  represent  recorded  occultations 
for  which  the  closest  approach  was  calculated  to  have  oc¬ 
curred  during  the  night,  and  the  X ’s  represent  the  records  of 
“fans”  or  close  approaches.  Figure  1  (b)  shows  the  segment 
of  Fig.  1(a)  from  JD  1890000  to  JD  1910000  so  that  the 
detail  in  the  “fan”  records  around  JD  1900000  can  be  seen. 
As  can  be  seen,  there  is  no  evidence  for  any  systematic  errors. 
However,  the  daytime  conjunctions  (circles)  have  the  great¬ 
est  scatter,  while  almost  all  the  X ’s  are  on  the  line  for  zero 
observed  minus  calculated  errors,  so  there  is  no  evidence  for 
systematic  problems  in  either  A  2"  or  mean  longitude  for  Ve¬ 
nus.  The  lack  of  evidence  for  systematic  error  is  the  same  for 
the  other  planets  observed  as  well. 

V.  CONCLUSIONS 

There  are  four  main  conclusions  that  can  be  drawn  from 
the  analysis  of  the  Chinese  observations  of  planetary  occul¬ 
tations. 

First,  a  large  number  of  the  sightings  that  were  reported  as 
occultations  are  actually  records  of  appulses  between  the 
two  objects  in  which  the  time  of  closest  approach  occurred 
during  the  daylight  hours.  In  all  but  two  cases,  when  the 
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OBSERVED  -  CALCULATED  VENUS 


OBSERVED  -  CALCULATED  VENUS 


Fig.  1 .  ( a)  Observed  minus  calculated  time  for  a  given  separation  for  Venus. 
The  circles  represent  the  observations  recorded  as  occultations  for  which 
the  closest  approaches  occurred  during  the  daytime.  The  triangles  represent 
the  recorded  occultations  where  the  closest  approaches  occurred  during  the 
night.  The  X ’s  represent  the  records  of  “fans”  or  appulses.  (b)  This  is  the 
same  as  (a)  but  shows  the  detail  from  JD  1890000  to  1910000. 


closest  approach  was  observed,  the  distance  was  less  than 
15'.  For  a  few  of  the  observations,  an  actual  occultation  oc¬ 
curred  when  the  occulted  object  was  extended,  and  in  a  few 
cases  the  two  objects  were  actually  observed  to  come  close 
enough  together  that  they  were  not  separable  by  the  naked 
eye.  Additional  problems  that  might  have  resulted  in  the 
recording  of  an  occultation  are  poor  weather  conditions  and 
irradiation.  However,  all  of  the  records  are  of  real  events,  in 
agreement  with  Bielenstein’s  hypothesis  that  portents  were 
common  enough  that,  rather  than  manufacturing  them  for 
the  record,  they  would  be  ignored  when  they  were  not  need¬ 


ed  politically.  This  means  that  the  Chinese  records  should 
not  be  used  for  statistical  purposes  because  an  event  may 
have  been  ignored  not  only  because  it  may  not  have  been 
observed  but  also  because  it  may  not  have  been  politically 
useful. 

Second,  the  observations  appear  to  be  used  as  markers  in 
the  sky  for  various  aspects  of  the  motions  of  the  planets. 
Examples  of  these  markers:  ( 1 )  the  series  of  observations  of 
Jupiter  andjS  Scorpii,  which  were  all  made  when  Jupiter  was 
in  retrograde  motion  in  the  area,  and  (2)  the  two  observa¬ 
tions  from  the  “poor”  observations,  which  consisted  of  a 
date,  a  planet,  and  two  objects  occulted  several  weeks  apart. 
In  the  latter  example,  it  was  shown  that  the  planet  actually 
made  close  passes  to  both  the  objects,  and  the  date  was  the 
time  for  the  planet  to  pass  the  first  of  these  “markers.” 

Third,  there  is  no  evidence  within  the  accuracy  of  these 
observations  to  make  us  think  that  there  are  any  inherent 
difficulties  in  present  planetary  theories  with  periods  of 
about  2000  yr.  This  constitutes  the  first  check  of  the  plan¬ 
etary  theories  against  this  large  body  of  Chinese  observa¬ 
tions.  However,  this  evidence  is  weak. 

Finally,  from  the  observed  very  close  approaches  that  oc¬ 
curred  during  the  nighttime  hours,  the  time  that  was  record¬ 
ed  for  their  closest  approach  and  the  time  that  was  calculat¬ 
ed  verify  the  AT  correction  derived  by  Stephenson  and 
Morrison  (1984).  This  confirmation  of  AT  is  important  be¬ 
cause  the  observations  do  not  depend  on  the  position  of  the 
Moon,  as  do  previous  determinations  of  ATT  However,  the 
errors  involved  in  the  timing  of  the  individual  events  make  it 
impossible  to  distinguish  betwen  the  AT  value  of  Stephenson 
and  Morrison  (1984)  and  that  of  Newton  (1984). 

In  general,  this  study  verifies  the  reliability  of  ancient 
Chinese  records  of  planetary  occultations  and  gives  an  ex¬ 
ample  of  how  these  records  can  be  used  in  modern  astron¬ 
omy.  The  Chinese  records  of  celestial  events  include  many 
different  kinds  of  events  such  as  planetary  positions,  lunar 
occultations,  comets,  and  eclipses.  These  records  have  only 
been  sparingly  used  by  people  such  as  Morrison  and  Ste¬ 
phenson  ( 1977)  and  Newton  (1984),  mainly  because  most 
of  the  records  exist  in  Chinese  only  and  have  difficulties  in¬ 
herent  in  translation  and  interpretation.  Therefore,  the  best 
method  of  attacking  these  records  is  as  a  collaboration 
between  astronomers  and  historians  knowledgeable  in  the 
language  and  traditions  of  Chinese  astronomy. 
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also  like  to  thank  both  of  the  referees  for  their  helpful  com¬ 
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ABSTRACT 


The  sentence  following  Eq.  (3)  should  read  as  follows;  “In  <I>(Af),  the  luminosity  function,  Af=  m  —  Slog  r/lO  —  A(,r), 
A(r)  being  the  interstellar  absorption.” 
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